Measurements of carboxyhemoglobin (COHb) for clinical purposes are routinely made with CO-oximeters. However, fetal hemoglobin (HbF) interferes with this spectrophotometric method. The manufacturer (Ciba Corning Diagnostics) of a new CO-oximeter (CCD 270) claims that COHb measurements with this instrument are insignificantly affected by HbF. We examined this claim through CO-oximeter analysis of cord blood/adult blood mixtures and compared the results with those obtained by gas chromatography (GC). We also studied the influence of oxygen and bilirubin concentrations. Measurements of COHb with CCD 270 were significantly lower than the GC measurements, but the differences were not clinically important. Linear regression analysis of HbF and COHb measurements (n = 68) showed significant correlation (P <0.0001) between the two factors for the older CCD 2500 CO-oximeter (R2 = 0.56), but not for the CCD 270 (A2 = 0.06) or GC (R2 = 0.02). Bilirubin concentrations, which affected COHb measurements with CCD 2500, did not significantly affect CCD 270 measurements. We conclude that COHb measurements with CCD 270 CO-oximeter are not affected by HbF or bilirubin concentrations.
]. The results were compared with COHb measurements by gas chromatography (GC) in combination with the manual cyanmethemoglobin (HiCN) assay for total hemoglobin (tHb) (14-16). The gas chromatograph can be calibrated with gas calibrators or COHb-containing solutions. We demonstrate that GC, calibrated with gas at standard temperature, pressure, and dry (STPD), accurately determines fractional amounts of COHb in blood samples. We also studied the effect of O2Hb fractions on the degree of HbF interference (2, 10). Finally, we examined the effect of plasma bilirubin concentrations, a common and prominent component of neonatal blood, on COHb measurements by all three methods (17). To demonstrate the accuracy of the GC method calibrated with gases, blood was obtained from two healthy laboratory volunteers (A and B). The sample from subject B was divided into two equal portions, one of which was centrifuged at 800g for 5 miii to collect the red blood cells (RBC). The cells were subsequently washed three times with equal volumes of isotonic saline (9 g/L NaCl), and finally reconstituted with saline to the original sample volume (B-RBC). After addition of saponin (1 g/L), the three samples were then exposed to 100% CO as described earlier to maximize the COHb fraction (19). The COHb fraction was measured with a CCD 270 CO-oximeter.
Materials and Methods
The three samples were then accurately diluted with 0.2 mol/L sodium borate buffer, pH 8.3 (19) , to yield fractions of 1.00%, 2.00%, 4.00%, 6.00%, and 10.00% COHb.
For determining the effect of O2Hb, eight blood samples (10 ± 2 mL) were tonometered in the syringe with 50 milL CO2 in N2 until the O2Hb fractions were <4% ± 2%. The samples were then analyzed.
Subsequently, the samples were briefly ( 
Procedures

CO-oximetry.
Blood samples were analyzed in duplicate with the CCD 270 and CCD 2500 CO-oximeters immediately after oxygenation.
Selected characteristics
and performance parameters of these analyzers relative to other commonly available CO-oximeters have been described earlier (1). The instruments were maintained, calibrated, and operated according to the manufacturer's specifications.
All sample analyses on both adjacently placed instruments were performed by the same person after thorough sample mixing.
Gas chromatography.
The samples to be analyzed by GC and the manual HiCN method for tHb determination were transferred to pediatric COHb sample tubes ( HbF assay. HbF was determined by the alkali denaturation method (12, 13) . The RBC in blood samples were washed three times with isotonic saline, then lysed with an equal volume of distified water; the stroma were extracted with one volume of toluene. The Hb in the lysate was then converted with K3Fe(CN) 6 20) . The absorption spectra of the various Hb derivatives in adult and fetal blood and the wavelengths used by the CO-oximeters CCD 2500 and CCD 270 are given in Fig. 1 . The results of analysis for tHb and HbCO in the cord/adult blood mixtures with the two CO-oximeters and the reference methods are summarized in Table 1 .
For COHb, the bias ± imprecision for the CCD 2500 and CCD 270 vs the CC method were: 2.7 ± 1.9 and -0.7 ± 0.5, respectively (n = 68). tHb measurements in the cord/adult blood mixtures (n = 68; O2Hb = 98% ± 2%; HbF = 38% ± 29%) with the two CO-oximeters (y) and the manual HiCN comparison method (x) yielded the following linear regressions: 
DIscussion
The results of analysis of the diluted COHb-containing blood samples demonstrate that the use of Hb call- brators is as accurate as gas calibrators at STPD for GC COHb analysis. We prefer the use of gas-based calibrators for GC calibration because they are already used for measuring CO in breath and ambient air; they are stable, easily obtained or prepared, and are more convenient for use with our micromethod COHb analysis than are blood-based materials.
A minor inconvenience with the use of gas calibrators is that, for accurate measurements, ambient temperature and atmospheric pressure need to be determined at the time of calibration. This interaction is absent for both the CCD 270 and GC methods.
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